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Field of the Invention 

The present invention is related to computer software 
and more specifically to computer software for simulation 
of production processes. 



Background of the Invention 

Production processing tools process a component to 
facilitate the production of a product. A production 
processing tool may transport the component, perform work 
5 on the component, or test the component, among other 
possible tasks performed by the tool . 

In a production process, one or more tools may be 
thought of as a group. Tools in a group may all perform 
JB the same process step, or may perform different process 

IS 10 steps. Tools in a group may be operated by one or more 
ffl operators. In many circumstances, however, the tools in a 

ff! group facilitate one or more related steps in a production 

j|5 process. 

111 When two or more tools in a group are operated by a 

^ 15 single operator, or controlled by a single controller, the 
efficiency of each individual tool may be decreased. For 
example, if an operator idles all tools in a group to load 
them, then operates them all simultaneously, tools will be 
idled while other tools are loaded. This reduces the 
2 0 efficiency of each tool in the group, but may increase the 
efficiency of utilization of the operator by spreading the 
cost of the operator across multiple tools. 



To estimate production quantities of a production 
system, the throughput and yield of each tool used 
individually may be measured, and the measurements adjusted 
to take into account the loss of efficiency due to the 
configuration of each tool in the group. Based on 
parameters of the production process, the production 
process may be simulated and certain production quantities 
may be calculated, such as the number of units of a 
material to start in the production process to achieve a 
certain number of units required at the output. 

However, many modern production process tools are 
controlled by tools in other groups. The production 
quantities of one group can therefore be interrelated with 
the production quantities of the controlling tool group. 
If the controlling tool group is not operational, the tool 
group controlled by the non-operational tool group will be 
out of operation as well, affecting the production 
quantities. Conventional simulation tools do not account 
for this fact, making the production quantities calculated 
by these simulators erroneous. 

What is needed is a method and apparatus for more 
accurate calculation of production quantities. 



Summary of Invention 

A method and apparatus accepts parameters of one or 
more groups of one or more tools in a production system, 
including a parameter related to the downtime of any 
5 controlling system, such as the percentage of time the 

controlling system is down. The method and apparatus also 
accepts parameters related to the configuration of each 
tool group in the production system. The method and 
apparatus calculates production quantities, some of which 
10 take into account the downtime of any controller of a tool 
group . 

Because the downtime of the controller is used to 
calculate the production quantities, the production 
quantities more accurately reflect the operation of the 
15 production system. 

Brief Description of the Drawings 

Figure 1 is a block schematic diagram of a 
conventional computer system. 

Figure 2 is a block schematic diagram of an apparatus 
20 for calculating production quantities of a production 

system made up of one or more tool groups according to one 
embodiment of the present invention. 
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Figure 3 is a flowchart illustrating a method of 
calculating production quantities of a production system 
made up of one or more tool groups according to one 
embodiment of the present invention. 

Detailed Description of a Preferred Embodiment 

The present invention may be implemented as computer 
software on a conventional computer system. Referring now 
to Figure 1, a conventional computer system 150 for 
practicing the present invention is shown. Processor 160 
retrieves and executes software instructions stored in 
storage 162 such as memory, which may be Random Access 
Memory (RAM) and may control other components to perform 
the present invention. Storage 162 may be used to store 
program instructions or data or both. Storage 164, such as 
a computer disk drive or other nonvolatile storage, may 
provide storage of data or program instructions. In one 
embodiment, storage 164 provides longer term storage of 
instructions and data, with storage 162 providing storage 
for data or instructions that may only be required for a 
shorter time than that of storage 164. Input device 166 
such as a computer keyboard or mouse or both allows user 
input to the computer system 150. Output 168, such as a 
display or printer, allows the computer system to provide 



information such as instructions, data or other information 
to the user of the computer system 150. Storage input 
device 170 such as a conventional floppy disk drive or CD- 
ROM drive accepts via input 172 computer program products 
174 such as a conventional floppy disk or CD-ROM or other 
nonvolatile storage media that may be used to transport 
computer instructions or data to the computer system 150. 
Computer program product 174 has encoded thereon computer 
readable program code devices 176, such as magnetic charges 
in the case of a floppy disk or optical encodings in the 
case of a CD-ROM which are encoded as program instructions, 
data or both to configure the computer system 150 to 
operate as described below. 

In one embodiment, each computer system 150 is a 
conventional Pentium-compatible computer system such as the 
6540C commercially available from Hewlett-Packard 
corporation of Palo Alto, California running the 
conventional Windows 98 operating system commercially 
available from Microsoft Corporation of Redmond, 
Washington, although other systems may be used. 

Referring now to Figure 2, an apparatus for 
calculating production quantities of a production system 
made up of one or more tool groups is shown according to 
one embodiment of the present invention. As used herein, a 



production system is any system that assists in the 
production of one or more products. A production system 
need not produce anything by itself: a production system 
may simply test the output produced by another production 
system. The production system may be made up of one or 
more tool groups, logically related to one another in some 
way. Each tool group may be made up of one or more tools. 
Each tool may simultaneously process one or more units of 
the production process. 

In one embodiment, a user of the apparatus of Figure 2 
defines various tool groups to tool parameter manager 220 
by inputting to the apparatus various parameters of the 
tool group. After each tool group is defined, tool 
parameter manager 220 performs certain calculations using 
the parameters to begin calculating production quantities 
for the tool group. The user then instructs the apparatus 
how each tool group operates in the production system by 
defining to simulation parameter manager 250 simulation 
parameters for each step in the production process, 
including which tool group defined above is used by the 
step. Using the parameters defined and optionally the 
calculations performed, production quantities for each tool 
group and for the production system are calculated by the 
apparatus and method and some or all of them may be 
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displayed or otherwise provided to a user as described in 
more detail below. 

To define each tool group to the apparatus of Figure 
2, the user uses tool parameter manager 220. In one 
embodiment, tool parameter manager 22 0 prompts the user for 
the parameters to provide at inputs 2 00-219 via an output 
not shown coupled to a conventional monitor or printer or 
other output device (not shown) , and in another embodiment, 
no such prompts are provided. Inputs 2 00-219 may be 
coupled to a conventional input device such as a keyboard 
and mouse or a storage device such as a disk or tape drive 
or memory. In one embodiment, inputs 200-219, along with 
inputs 251-257 described below, are a single input, but 
have been labeled as separate inputs for ease of reference. 

Tool parameter manager 220 prompts for, and receives 
at inputs 200-218 parameters for each tool group. For each 
tool group, tool parameter manager 220 builds a tool group 
record for that tool group and internally stores the 
parameters it receives at inputs 200-218 in that record. 
Production quantities for the tool group are calculated by 
other portions of the apparatus as described in more detail 
below, and these quantities are also stored in the record 
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for the tool group by tool parameter manager 220. The 
various parameter inputs 200-219 will now be described. 

Group identifier input 210 receives a unique 
identifier for the tool group. The identifier may be any 
alphanumeric identifier that may be used to identify a tool 
group. If the user enters an identifier of a tool group 
that is already in use, tool parameter manager 220 allows 
the user to revise the parameters already entered for that 
group after providing a warning that the tool group 
identifier is already in use. 

Tool throughput input 212 receives the maximum number 
of batches the average tool in the group is capable of 
processing in a given unit of time, such as a week, 
assuming the tool is operated as the only tool in the 
group, and assuming any controller for that tool is always 
operational. A batch corresponds to an operation of the 
tool, whether fully loaded or not. Units per batch input 
200 receives the number of units the average tool in the 
group is capable of processing at the same time in a single 
batch. 

Shifts input 202 receives the number of shifts during 
the period corresponding to the period used for tool 
throughput input 212. Hours input 204 receives the number 



of hours in a shift over the period of time corresponding 
to the period used for tool throughput input 212. For 
example, if the period of time used for tool throughput 
input 212 is a week, this same period of time is used for 
input 2 02 and 2 04. 

Tools in group input 214 receives the actual number of 
tools in the group that can operate simultaneously, and the 
maximum number of tools that could be in a group and 
operating simultaneously. For example, a group may be 
capable of having five tools due to controller limitations, 
but only operate 3 tools due to space limitations. Both of 
these numbers are entered into tools in group input 214. 

GUE/tool input 206 receives the average good unit 
equivalent ratio for each tool in the group. The good unit 
equivalent ratio is the ratio of the number of good units 
that come out of a tool divided by the number of units that 
are input to the tool to get that number out. For example, 
if twenty percent of units fail under a test, the GUE for 
the tool is 0.8. 

Parallel efficiency input 216 receives the parallel 
unit efficiency of the tools in the group. The parallel 
unit efficiency is calculated by dividing the theoretical 
amount of time required to process one load if the tool had 



a dedicated operator and controller, by the amount of time 
required to process one load as actually operated. The 
downtime of any controller is ignored for the purpose of 
this input . 

The amount of time a tool takes to process one load in 
practice may be longer that the amount of time the tool 
takes to process one load in theory because an operator 
operating, or controller controlling, multiple tools may be 
busy working on another tool in the group when a particular 
tool requires service, making the load take longer to 
process than it would if the tool had a dedicated 
controller or operator. 

For example, assume that two tools are each loaded in 
one minute, unloaded in one minute and operated 
simultaneously for four minutes when both are loaded. The 
parallel efficiency for each tool in the group would be 
0.75: the tool is capable of processing one load in six 
minutes if operated by itself, but each load takes eight 
minutes due to the actual availability of the operator. 
Six divided by eight is 0.75. 

Type input 208 receives information about the type of 
the group. The user may specify whether the tool group may 
be selected as a controller of another group, whether the 



tool group is itself controlled by another group, and 
whether the tools in the group are operated in parallel, 
where multiple tools operate at the same time, or whether 
the tools in the group operate in an alternating fashion, 
where only one tool is operational at a given time, and all 
other tools in the group are not operational while the 
operational tool is operating . 

Tool parameter manager 22 0 stores in the tool group 
record the values it receives at input 208 and also stores 
in the tool group record a type code depending on the 
information received at input 208. If the tool group is 
capable of being selected as a controller, if the tool 
group is not also capable of being controlled by another 
group, tool parameter manager 220 stores a type value of 1, 
and if the tool group is capable of being controlled by 
another tool group, tool parameter manager 220 stores a 
type value of 4 . If the tool group is operated in 
parallel, if the tool group is capable of being controlled 
by another tool group, tool parameter manager stores a type 
value of 2, and if the tool group is not capable of being 
controlled by another tool group, tool parameter manager 
stores a type value of 3 for the tool group. If the tool 
group is operated in the alternating parallel 
configuration, if the tool group is capable of being 
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controlled by another tool group, tool parameter manager 
stores a type value of 2, and if the tool group is not 
capable of being controlled by another tool group, tool 
parameter manager stores a type value of 3 for the tool 
group . 

Controller downtime input 218 receives the percentage 
of time that any controller of the tool group is not 
operational during the time the tools in the group are in 
use. If no controller operates the group, the controller 
downtime is zero, which may be entered by the operator, or 
tool parameter manager 220 may fill in this amount using 
the information input at input 208 indicating that no 
controller controls the tool group. 

When the user has completed providing the parameters 
described above for a given tool group, the user indicates 
that he or she has completed providing parameters for the 
tool group by signaling at the done input 219. Tool 
parameter manager 22 0 then prompts the user to enter 
parameters for another group or change parameters already 
entered for an existing group as described above. Tool 
parameter manager 220 also signals, by providing the group 
identifier received at input 210 for the group the user 
completed when he or she provided the done signal at done 



input 219, to group throughput calculator 222 and group 
good units calculator 230. 

Group throughput calculator 222 copies some or all of 
the tool group record for the tool group identifier 
5 received from tool parameter manager 22 0, calculates the 
throughput of a tool group and stores the result back into 
the tool group record in tool parameter manager 220. The 
throughput of a tool group is equal to the product of the 
number of units each tool can handle per batch of input 
10 200, the batch throughput of input 212, the number of tools 
in the group received at input 214, the parallel unit 
efficiency received at input 216 and the controller 
downtime received at input 218 subtracted from one. This 
may be mathematically represented as 

15 Group Throughput =(200*212*214*216* (1-218) ) (eq. la). 

(In all equations, statement or expressions, a 2 XX 
number means the input received at that input for the tool 
group . ) 

If the type of the tool group is 2 or 3, input 218 
20 will be zero, and so the 1-218 term need not be used in 
equation la. 
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In another embodiment, the inputs 216 and 218 are 
ignored for the throughput calculation, and the throughput 
is 

Group throughput -(200*212*214*) (eq. lb). 

Group throughput calculator 222 calculates the 
throughput as described above and inserts into the record 
in tool parameter manager 220 the throughput for the tool 
group it calculates. 

Group good units calculator 23 0 receives from tool 
parameter manager 220 the identifier of the tool group, 
copies from tool parameter manager 220 some or all of the 
tool group record for that group and calculates the good 
unit equivalents produced per unit of time as: 

(206*212*214*216* (1-218) ) (eq. 2). 

If the tool group is identified as not controlled by 
another group (types 1 and 3), the (1-218) term may be 
ignored because input 218 should be zero. 

The good units equivalents calculated by group good 
units calculator 230 is the number of good units the tool 
group is capable of producing during a given unit of time 
corresponding to the unit of time used in the throughput 
parameter received at input 212. Group good units 
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calculator 230 inserts the result into a field in the tool 
group record stored in tool parameter manager 220. 

If desired, good units calculator 230 may utilize the 
group throughput figure for the tool group stored there by 
5 group throughput calculator 222 in its calculations. 

Simulation parameter manager 250 prompts for, and 
receives at inputs 251-257 parameters for each step in the 
production process. For each step, simulation parameter 
manager 250 builds a step record for that step and 

10 internally stores the parameters it receives at inputs 251- 
257 in that record. Production quantities for the tool 
groups used in the steps defined and production quantities 
for the steps are calculated by other portions of the 
apparatus as described in more detail below, and these 

15 quantities are also stored in the record for the tool group 
by simulation parameter manager 250. The various parameter 
inputs 251-257 will now be described. 

In one embodiment, each step in the production process 
is given an identifier at input 251. For each such step so 
20 identified, inputs 253-255 may be used to define parameters 
for that step. If a user inputs at input 251 an identifier 
already in use, simulation parameter manager 250 allows the 



user to change parameters stored for that step after 
warning the user that the step identifier is in use. 

Percent of use input 253 receives the percent of use 
for the step. The percent of use is the percent of the 
total number of units processed that are processed through 
the tool group used for that step. Some steps only process 
through the tool group a fraction of the number of units in 
the step because the step performs tests that are largely 
expected to pass if one or more prior steps have been 
performed properly. Thus, ten percent of a system batch 
may be tested at a certain step, and if the ten percent all 
pass the test or nearly all pass the test, the system batch 
is assumed good enough to move to the next step without 
testing the remaining 90% of the batch. 

Step order input 254 receives an indication of the 
order in all of the steps in which the step having the 
identifier received at input 251 is performed. The first 
step may be step 1 (or step 0) and the next step has a step 
number one higher than that step. Tool group input 255 
receives the identifier of the tool group that is used to 
perform the step, the identifier corresponding to the 
identifier received at input 210 of tool parameter manager 
220 described above. 
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When the user has completed providing the information 
for inputs 251, 253, 254 and 255, the user signals at step 
complete input 256. Simulation parameter manager 250 
builds a step record for each step and inserts the 
5 information received from inputs 251, 253, 254 and 255 into 
the step record . 

Number input 252 is used only for a single one of the 
steps in the production process. Number input 252 receives 
a number of units, an indication of whether the number is 

10 the number of units started in that step or the number of 
units shipped out of that step, and the step number in the 
process for which the number of units is either started or 
shipped. This allows a user to define a quantity at a 
single point in the production process to be used for 

15 calculations. The quantities for all other points in the 
production process are calculated according to the 
parameters received for each tool group and for each step 
as described below. Simulation parameter manager 250 
internally stores the number received at number input 252 

20 either in the record for the step or separately. 

When the user has completed defining all of the steps 
for some or all of the production system in which the user 
is interested, the user signals at the begin input 257. 
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Simulation parameter manager 250 signals simulator 264 and 
step process time calculator 240. 

Simulator 264 receives from simulation parameter 
manager 250 some or all of the step records for each step 
in the process, and calculates the number of units that 
will be used to start the step and the number of units 
shipped out of that step, which is the number of units that 
will be used to start the next step in the production 
process. The number received at number input 252 is 
retrieved from simulation parameter manager 250. If the 
number provided at number input 252 is the number of units 
to start the first step, for each step in the process, 
simulator 2 64 copies the tool group record from tool 
parameter manager 22 0 corresponding to the tool group in 
the step record and identifies the number of units that 
will be "shipped" out of that step by: i) multiplying the 
calculated group good unit equivalents from the tool group 
record corresponding to the tool group defined for that 
step by the percent of use in the tool group record 
corresponding to the tool group defined for that step, ii) 
adding the result to the percent of use subtracted from 
one, and iii) multiplying the sum by the number of units 
started by the step. Using the input numbers of the 
Figure, the number shipped for any step is calculated as: 



Number of units shipped = Number of Units 
Started* ((206*253) +(1-253)) (Eq. 3). 

Where 206 corresponds to the calculated good unit 
equivalent for the tool group corresponding to the tool 
group defined for the step, 253 corresponds to the percent 
of use defined for the step, the number of units started is 
equal to input 252 if the step for which the number of 
units started is being calculated is the first step and is 
equal to the number of units shipped from the prior step 
for all steps after the first step. 

Simulator 264 performs this calculation for each step 
in the production process in step order and stores the 
number of units started and the number of units shipped for 
each step in simulation parameter manager 250 in the record 
for the step. As described above, the number of units 
started for a step is equal to the number of units shipped 
for the prior step in the production process. 

In one embodiment, a user may enter at input 256 the 
number of units to be shipped out of the final step, in 
place of the number of units to be started in the first 
step at input 252. In such embodiment, simulator 264 
calculates the number started by each step, beginning with 
the last step and working one step at a time backwards 
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until the first step is reached. In such embodiment, the 
number started by a step is equal to the number shipped by 
that step divided by the sum of a) the product of the good 
unit equivalent for the tools used in that step and the 
percent of use, and b) the percent of use subtracted from 
one. Using the inputs of Figure 2: 

Number of Units Started = 

Number of Units Shipped/ ( (206*253) + (1-253) ) (Eq. 4). 

Simulator 264 uses the number of input 252 as the 
number of units shipped for the last step and the number of 
units shipped for a step as the number of units started for 
the next step, and repeats the calculations, in reverse 
step order, for each step in the production process until 
it has computed the number shipped for all of the steps in 
the production process, storing the results in simulation 
parameter manager 250 in the step record as described 
above . 

If the user enters at input 252 a number of units that 
is not the number started at the first step or the number 
shipped at the last step, simulator 264 uses both of the 
above techniques to calculate forward and backwards from 
the step corresponding to the number entered at input 252. 



When simulator 264 has completed the calculations for 
all of the steps as described above, simulator 264 then 
signals process time, rate and units calculator 260 for 
operation as described below. 
5 Step process time calculator 240 calculates the amount 

of time in hours it takes to process a unit during each 
step. For each step defined in simulation parameter 
manager 250, step process time calculator 240 calculates 
the processing time for a single unit at a given step for 

10 by copying from tool parameter manager 22 0 some or all of 
the tool group record for the tool group defined in the 
step record, dividing the product of inputs 204 and 202 for 
the tool group by the output of good units calculator 230 
for that tool group. Step process time calculator 240 

15 retrieves from simulation parameter manager 250 the tool 
group identifier for each step in the production process, 
calculates the process time for that tool group, and stores 
the result as the process time per unit in simulation 
parameter manager 250 in the step record for the step. 

20 Process time, rate and units calculator 260 calculates 

the average process time each tool group takes to process a 
single unit during the entire production process. In some 
production processes, a tool group may be used during 
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multiple steps, so this result can be different from the 
result provided by step process time calculator 240. 

Process time, rate and units calculator 260 copies 
from tool parameter manager 22 0 some or all of a first tool 
group record. Process time, rate and units calculator 260 
maintains three variables, a numerator, a denominator, and 
a number of units which are each initialized to zero about 
the time the tool group record is retrieved. Using the 
tool group record retrieved, process time, rate and units 
calculator 260 retrieves the tool group identifier for each 
step in simulation parameter manager 250 and if the tool 
group for the step retrieved from simulation parameter 
manager 250 matches the tool group retrieved from tool 
parameter manager 22 0, process time, rate and units 
calculator 260 retrieves the number of units started and 
percent of use for that step from tool simulation parameter 
manager 250. Process time, rate and units calculator 260 
adds to the numerator the product of the number of units 
started at that step and the process time for the tool 
group. Process time, rate and units calculator 2 60 also 
adds to the denominator the number of units started at that 
step. Process time, rate and units calculator 260 also 
adds to the number of units the product of the number of 
units started at that step and the percent of use for the 



step. If the tool group identifier for the step in 
simulation parameter manager 250 does not match the tool 
group identifier retrieved from tool group parameter 
storage 220, no additions to the numerator or denominator 
are made and the tool group identifier of the next step is 
retrieved from simulation parameter manager 250. 

When all of the steps have processed as described 
above for a tool group, if the denominator is zero, process 
time, rate and units calculator 260 stores a zero as the 
average process time for the tool group and a zero for the 
processing rate for the tool group in tool group parameter 
storage 22 0 in the tool group record in tool parameter 
manager 220. Otherwise, process time, rate and units 
calculator 260 calculates the average process time by 
dividing the numerator by the denominator, stores the 
result as the average process time for the tool group in 
tool parameter manager 220 in the tool group record for the 
tool group selected. Additionally, process time, rate and 
units calculator 260 calculates the processing rate for the 
tool group by dividing the denominator by the numerator, 
stores the result as the rate for the tool group in tool 
group record in tool parameter manager 220. Process time, 
rate and units calculator 260 stores the number of units in 
tool group parameter storage 22 0 in the tool group record. 



Process time, rate and units calculator 260 zeros the three 
variables and selects the next tool group record from tool 
group parameter storage 22 0 and repeats the steps above 
until records for all of the tool groups have been 
processed in this manner. Process time, rate and units 
calculator 260 then signals tool requirements calculator 
266. 

Tool requirements calculator 266 calculates the number 
of tools required to meet the capacity defined to 
simulation parameter manager 250 using the number of starts 
or number of ships parameters described above. Tool 
requirements calculator 264 selects a first tool group 
copies some or all of the record for the selected tool 
group in tool group parameter storage 220, and calculates 
the number of tools required by dividing the product of the 
number of units for the tool group calculated as described 
above and the number of tools in the group, by the product 
of the rate for the tool group, the hours for the tool 
group, the number of shifts for that tool group and the 
number of units per batch. Tool requirements calculator 
266 then rounds the number to the nearest whole number 
equal to or greater than the number and stores the result 
in the tool group record in tool parameter storage 220 for 
the selected tool group in one embodiment . 



10 



Tool requirements calculator 266 then selects another 
tool group and repeats the process described above until 
all of the tool groups have been processed as described 
above. When all tool groups have been selected and 
5 processed by tool requirements calculator 266, tool 

requirements calculator 266 signals utilization calculator 
268 and number of cells/tools calculator 270. 

Utilization calculator 268 calculates the percent 
utilization of the average tool in each tool group. 
Utilization calculator 268 selects a first tool group and 
copies some or all of the tool group record for the tool 
group. Utilization calculator 268 calculates the percent 
utilization of the tool group by dividing the number of 
units calculated for that tool group by the product of the 
15 throughput for the average tool in the tool group received 
at input 212, the number of tools in the group received at 
input 214, the hours for the tool group received at input 
204, the number of shifts for the tool group received at 
input 2 02 and the number of units per batch received at 
input 200 for the tool group. Utilization calculator 268 
stores the result as the average utilization for the tool 
group in the record for the tool group, selects another 
tool group in tool parameter storage and repeats the 
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process until all tool groups have been selected and 
processed as described above. 

Number of cells/tools calculator 270 calculates the 
minimum number of tool groups required by selecting a first 
5 tool group, dividing the number of tools required in the 

record for the selected tool group by the maximum number of 
tools allowed in the group, originally received via input 
214, and storing the result as the minimum number of tool 
groups in the tool group record in tool parameter manager 
10 220. 

In one embodiment, the number of units per batch 
received at input 200 is the number of units a tool group 
can process in the batch, and the number of tools in the 
group received at input 214 is instead the number of tool 

15 groups in a cell, that may be made up of multiple tool 
groups. In this embodiment, the number of tool groups 
calculated by number of cells/tools calculator 270 is 
instead the number of cells. 

In one embodiment, number of cells/tool calculator 270 

20 also calculates the number of tool groups (or test cells in 
the other embodiment) required if each tool group (or test 
cell) has the same number of tools as the number of tools 
in the group (or number of groups in the cell) , received at 



input 214 by dividing the number of tools required by the 
actual number of tools in each tool group (or number of 
groups in each cell) , rounding up and storing the result in 
the record for the tool group in tool parameter manager 
220. 

In one embodiment, number of cells/tools calculator 
270 also multiplies the number of tool groups (or test 
cells) required if each tool group (or test cell) has the 
same number of tools (or tool groups) as the actual number 
of tools in the group (or number of tool groups in the test 
cell) by the number of tools in each group (or number of 
groups in each test cell) to provide a number of tools 
required if all groups have the same number of tools, and 
stores the result in the tool group record in tool 
parameter manager 22 0. 

Number of cells/tools calculator 270 then selects 
another tool group and repeats the process of all 
calculations described above until all tool groups have 
been selected and processed as described above. 

A user may view any of the parameters or values 
calculated and stored in the tool group record as described 
above using tool parameter manager 220 or in simulation 
parameter storage 250 using query input /output 282 of query 
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processor 280, coupled to a conventional 
keyboard/monitor/mouse combination. Any of these 
parameters or values are referred to as "production 
quantities". Production quantities not received as 
5 parameters are referred to as calculated production 

quantities. Production quantities may be queried for some 
or all tool groups or steps, or reports may be generated. 

In one embodiment, some steps may use different 
definitions of a unit. For example, if one step defines a 

10 unit as a semiconductor wafer and another step defines a 
unit as one of the many dies on the wafer, the conversion 
number to convert from one form of units to another form of 
units may be identified as part of the step at conversion 
input 258. For example, if step 4 uses N dies to a wafer, 

15 the conversion factor provided at step 4 will be "N" . 

Steps subsequent to that step are assumed to use that same 
conversion factor. The number of starts and ships is 
maintained by simulator parameter storage 250 and simulator 
264 in the same unit measurement as the number received at 

20 number input 252, but this number may be converted by query 
processor 280 to be consistent with any factor input. 

Referring now to Figure 3, a method of calculating 
production quantities is shown according to one embodiment 
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of the present invention. Tool group parameters are 
received 310 for a tool group as described above. The tool 
group parameters include a measure of downtime of any 
controller as described above. The throughput and group 
5 good unit equivalents are calculated 312, 314 for the group 
as described above and if there are more tool groups 316 , 
the method continues at step 310 for the next tool group, 
otherwise, the method continues at step 328. 

Step parameters for a step in the production process 
10 are also received 320 as described above. If there are 

additional steps in the production process 322, the method 
continues at step 32 0 to receive the parameters for any 
additional step. Otherwise 322, the method continues at 
step 324. 

15 The number parameters are received as described above, 

describing the number, whether the number corresponds to a 
number of starts or ships, and the step in the production 
process corresponding to the number are received 324 as 
described above and the method continues at step 328. 

2 0 A begin command or other similar indication may be 

optionally received 328. The number of ships and starts is 
calculated for each step 33 0 as described above. The 
process time for each step is calculated 332 as described 



above. The process time, rate and number of units for each 
tool group are calculated 334 as described above. The tool 
requirements are calculated for each tool group 336 as 
described above. The utilization of each tool group is 
5 calculated 338 for each tool group as described above. The 
number of tool groups or cells and the number of tools are 
calculated 340 as described above. One some or all of the 
production quantities are output 342 in response to a query 
m or as part of a report as described above. 

, 
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